INTRODUCTION

Regionalization of neonatal care
1 has been shown to improve outcome of high-risk infants. 2, 3 In regionalized systems, infants who are recovering and no longer require tertiary care are frequently transferred back to their community level I or II nursery, 4, 5 until they are ready to be discharged home. However, back transport may add unintentional complexity to the care of these recovering infants 4, 6 and may impact hospital resource utilization.
A few studies have evaluated the back transfer process and costs. Back transfer expenses may be balanced by the higher costs of ongoing care in a tertiary facility. Phibbs et al. 5 evaluated the costs of transport fees and lower level nursery charges compared to continued intensive care, and reported that the projected duration of stay in the community hospital must be 7 days or greater to justify the expense of transport. An analysis from South Carolina regarding newborns insured by Medicaid evaluated length of stay (LOS) and Medicaid payments. They reported that back transfer from a level III neonatal intensive care unit (NICU) to lower level nurseries did not increase either LOS or payments compared to infants born in and discharged from level III hospitals. 7 In contrast, the Vermont Oxford Neonatal Network (VON) reported crude average total LOS for transferred neonates (with birth weight 501 to 1500 g) was longer over the last several years compared to nontransferred infants (79.7 vs 54.1 days for the year 2003). 8 In this study, we evaluate the neonatal back transport process for the purpose of growth on the duration of hospitalization and outcome in a population of infants eligible for BT. Specifically, we report on the clinical features of infants who were back transported and the length of hospital stay as well as readmissions after hospital discharge to gain insight into the potential impact of back transport on hospital resource utilization.
METHODS
This is a retrospective cohort study conducted after obtaining project approval from the Institutional Review Boards at the University of Michigan Health System (UMHS) in Ann Arbor, Michigan and Foote Hospital in Jackson, Michigan. We collected demographic and clinical data during the care of infants treated in a regional subspecialty perinatal health care center with a 37-bed NICU and a specialty, level II, 10-bed unit special care nursery (SCN) from January 1, 1999 until May 31, 2002. We assigned level of perinatal care following the perinatal care guidelines of the American Academy of Pediatrics. 1 
Population and Groups
Infants whose parents resided in the SCN catchment's area admitted to the UMHS NICU during the study period, and who survived to hospital discharge were potential study subjects. The SCN catchment's area was defined as the county where the SCN is located as well as the zip codes of areas in the surrounding counties that the SCN hospital's business office considered as their service area. Patients who resided in the catchment area of the SCN and received antenatal and/or postnatal health care in its vicinity were considered as eligible for back transport. The study group included infants back transported to the SCN (BT) and the control group included infants who were eligible for back transport but were discharged home directly from the regional center (RC). To better match the back transported group, we excluded from the control group infants evaluated in the NICU then transferred to and discharged home from units in the UMHS other than the general pediatric floor. These other units included the birth center unit and the pediatric intensive care unit.
Recovering infants who no longer required support by mechanical ventilation and were tolerating a volume of feeding enough to discontinue the parenteral nutrition were considered for back transport if the treatment team thought the SCN, covered by local pediatricians, could deliver the needed level medical care. These infants were not back transported if the consulted pediatric or surgical subspecialists thought back transport might compromise their contributions to the infant's care. Infants requiring TPN and mechanical ventilation were not back transported. Infants were also not back transported if their insurance denied payment for back transport or if their parents refused to consent to transfer.
Clinical Definitions
We considered an infant as outborn if the birth site was outside the RC. A major surgery was defined as any of the following surgeries; neurosurgery, tracheostomy, surgery for congenital diaphragmatic hernia, heart surgery, extracorporeal membrane oxygenation, and other abdominal surgeries except inguinal hernia repair. Very low birth weight (VLBW) was weight <1500 g. Unplanned hospital readmissions and emergency department (ED) visits within 2 weeks of discharge were captured from the medical records.
Analysis LOS in the RC, in the SCN and total LOS were calculated in days as end date minus start date plus one. For the purpose of external validity, we compared the predicted LOS reported by the VON for back transported and nonback transported VLBW infants to our observed LOS. 9 The predicted LOS, calculated by the VON using a multivariate analysis, accounts for many of the important variables contributing to variability in LOS used to predict the total LOS of VLBW infants in the network. Similar calculation of predicted LOS by VON was described in Payne et al. 10 We used the Wilcoxin rank sum test to compare medians of continuous data and w 2 Fisher' Exact Test to compare categorical data between groups. Statistical significance was defined as pr0.05. Data were managed and analyzed using SAS statistical software (SAS Institute Inc., Cary, NC).
RESULTS
We reviewed the records of 104 BT, and 117 infants eligible for back transport discharged home from the RC. Of the latter, 101 infants discharged from the RC NICU and 16 infants discharged by the general pediatric service after being transferred to the pediatric floor. We excluded 21 infants discharged from the RC; eight infants were discharged from the pediatric intensive care unit and 13 were discharged from the maternal unit with their mothers after a short stay.
Demographics are summarized in Table 1 . BT infants had lower median gestational age (33 vs 36 weeks, p<0.0001) and birth weight (median; 1955 vs 2700 g, p ¼ 0.001). There were no significant differences in race, Apgar score, place of birth or the infant's insurance coverage between the back transported and nonback transported groups. In the VLBW subgroup (birth weight r1500 g), BT infants (n ¼ 25) had similar birth weight and gestational age compared to infants discharged home from the RC (n ¼ 24). In the subgroup with birth weights 1501 to 2500 g, BT infants were more frequently born outside the RC (62 vs 26%, p ¼ 0.003) and were of a lower birth weight (median; 1942 vs 2080 g, p ¼ 0.05) and gestational age (median; 33 vs 34 weeks, p ¼ 0.006).
Features that summarize the clinical course including therapies and complications that could affect discharge timing are summarized in Table 2 . BT infants more frequently required mechanical ventilation (84 vs 65%, p ¼ 0.002), were more likely to receive total parenteral nutrition (TPN) (71 vs 55%, p ¼ 0.013), had lower weights at discharge (2371 vs 2790 g, p ¼ 0.017), were more frequently discharged home with apnea monitors (12 vs 6%, p ¼ 0.013) than infants discharged home directly from the RC. However, infants who had major surgeries (n ¼ 10) were exclusively discharged home from the RC. Different trends in clinical care complexity were found between the more mature (birth weights 1501 to 2500 g, and >2500 g) and less mature, VLBW, infants in the BT and non-BT groups, ( Table 2 ). In the VLBW subgroup, BT infants had similar frequency of support by mechanical ventilation (80 vs 92%, p ¼ 0.42) and administration of TPN (88 vs 96%, p ¼ 0.61) but spent less time supported with mechanical ventilation (median; 4 vs 18 days, p ¼ 0.004), and their TPN was stopped earlier (median; 9 vs 22 days, p ¼ 0.001) than the infants discharged from the RC. BT, VLBW infants were discharged home at similar weights (median; 2220 vs 2200 g, p ¼ 0.62) but with a slightly lower postmenstrual age (median; 36 vs 37 weeks, p ¼ 0.037) and were sent home with apnea monitors more often (28 vs 4.2%, p ¼ 0.049) than the VLBW infants discharged home from the RC.
In the subgroups with birth weights 1501 to 2500 g and >2500 g, BT infants needed support with mechanical ventilation and were treated with TPN more frequently than infants discharged home from the RC. In the subgroup with birth weight 1501 to 2500 g, back transported infants spent more time on mechanical ventilation (median; 2 vs 0 day, p ¼ 0.002) and TPN was administered longer (median; 4 vs 0 day, p ¼ 0.009) compared to those discharged home from the RC. In all birth weight subgroups, back transported infants were less frequently evaluated by sub specialists than infants discharged home from the RC and that almost all infants who had major surgeries (10/10), treatment for retinopathy of prematurity (ROP) (3/3), treatment for seizures (6/7) or had severe intra-ventricular hemorrhages (IVH) (Grade III to IV) (3/3) were discharged home from the RC.
The LOS, unplanned hospital readmissions and ED visits are summarized in Table 3 . The BT infants did not have statistically different rates of hospital readmissions, ED visits, or ED and readmissions after their discharge to home compared to those discharged from the RC. BT infants had significantly longer total LOS (median; 20 vs11 day, p ¼ <0.0001) compared to infants discharged home from the RC. This longer LOS for back transported infants was greatest in the subgroup of infants with birth weights 1501 to 2500 g (median; 20 vs 10 day, p<0.0001) and in infants with birth weight >2500 g (median; 12.0 vs 8.5 day, p ¼ 0.001). However, in the VLBW subgroup, BT infants had shorter, but not statistically significant different total LOS (median; 50 vs 56 day, p ¼ 0.08) compared to infants discharged home from the RC.
In the VLBW subgroup, the predicted LOS reported by VON was similar for BT and those discharged home from the RC (median; 60 vs 56 day, p ¼ 0.9). For infants discharged home from the RC the difference between the predicted and observed LOS, (predicted LOS minus observed LOS) was not statistically significant (median, quartiles; À2 day (À11, 14), p ¼ 0.37). However, for BT infants, the predicted LOS was longer than the observed LOS (predicted LOS minus observed LOS) (median, quartiles; 6 day (À1, 16), p ¼ 0.009).
DISCUSSION
We found that among infants treated in a regional perinatal system, BT infants had longer duration of hospitalization compared to those discharged home from a RC. However, BT infants had different clinical features compared to infants discharged from the RC, and infants who were expected to have longer LOS were more likely to be BT. Patients were selected for BT whose needs matched the capabilities and expertise of the community hospital, while patients who required subspecialty care remained at the RC for their entire hospital stay. However, among the more homogeneous population of VLBW infants, total LOS was similar for BT and those discharged from the RC.
In our study population, differences in clinical features of BT infants varied by birth weight. In the subgroups of infants with birth weights greater than 1500 g, infants with smaller birth weights who were more likely to need initial respiratory and nutritional support were selected for BT. However, in the VLBW infants, those who had fewer complications were more often selected for BT.
Differences in patient demographic features and complexity of clinical care make comparisons between BT and non-BT infants' LOS harder to evaluate. However, BT VLBW infants had similar LOS compared to those discharged home from the RC and had a shorter LOS than predicted by the VON. VON predicted LOS was accurate in predicting LOS of infants discharged home from the RC but over estimated the LOS of the BT infants. The VON has reported that back transferred infants treated in the network have longer average length of stay; however, this included patients transferred for medical/diagnostic services, surgery and chronic care 8 which may account in part for some of the differences with our study finding. Our analysis suggests that among VLBW infants with generally uncomplicated clinical courses the VON analysis appears to over predict LOS. An alternative explanation is that the SCN worked very well with the RC to provide expeditious care.
Pittard et al., 11 reported that Medicaid insured VLBW infants who were back transported compared to those discharged from a RC had similar birth weights, total LOS and rates of rehospitalizations. They speculated that VLBW infants with complicated clinical courses were likely treated exclusively in a RC. Our data confirm this impression. Our data showed increased BT rate in outborn infants in the subgroup of birth weight 1501 to 2500 g, not in the VLBW infants as reported in the Pittard et al. 11 We speculate that familiarity with the SCN could have influenced some parents of outborn infants to favor the BT. Subsequently, we developed educational opportunities for the parents of inborn infants to increase their familiarity with care at the SCN. In contrast to a study by Lynch et al., 12 who reported similar prenatal and neonatal courses among back transported and those convalesced in the tertiary center, we demonstrated that selection of infants for BT varied by their levels of maturity, or birth weight groups, and by the complexity of their medical course. This difference may be explained by evolution of regionalized perinatal care as the report by Lynch dates from the mid 1980s. In Lynch's report, 7% of the neonates were readmitted to a tertiary center during their convalescence, which probably reflects the appropriateness of the screening process at the RC to evaluate readiness for back transport.
An important finding in our study was that BT infants of all birth weight groups did not have a higher rate of unplanned hospital readmissions or emergency room visits within 2 weeks after discharging these infants home from the community hospital, suggesting that the SCN delivered equally safe care for the infants. Higher rates of readmission, 13, 14 might be associated with shorter duration of hospitalization, and was used in our study as marker for adequacy of discharge planning and safety.
Our report confirms that the BT infant spent a substantial portion of their hospitalization in the SCN. This finding supports other reports suggesting that back transport of recovering infants improves the regional NICU efficiency, 15 and that back transport is needed to optimally use NICU beds in a regionalized perinatal healthcare system. 5 The American Academy of Pediatrics has proposed guidelines for discharging recovering premature infants home. 16 However, variation in discharge timing for premature infants exists, and may be influenced by practices related to apnea and feeding management. 17 These practices could be potential targets for shortening the hospital LOS. Use of apnea monitors was significantly more common among the back transferred infants.
Our study population may differ from other regionalized centers. Southeastern Michigan is an urban area and the NICU has a long-standing relationship with the SC nursery. However, due to the proximity of the SCN hospital's catchment area to our RC, a proportion of the study population uses the RC as a primary care facility. We accounted for this by determining if the mothers had prenatal care in the community hospital network or planned for their baby to have care in the network. Inclusion of this group of patients would have shortened the LOS for infants in the higher birth weight groups discharged from the RC even more. Another study limitation is that we could only verify ED visits and hospital readmissions in the RC and the SCN hospital but not other facilities. However, we assume that we were able to account for most of the postdischarge ED visits and rehospitalizations in our selected population.
Our study shows that BT premature infants differ from premature infants who receive all their care in a RC. The selectivity in BT infants who need less complicated clinical care supports a regionalized perinatal system where infants can continue their course of recovery and receive services the community hospital offers closer to their home. Studies regarding LOS among these infants need to adjust for severity of illness and intensity of care.
